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(S) Medical diagnostic system. 

(57) Hand-held shirt-pocket portable instrument (10) for quantitative measurement of glucose or analysis 
in biological fluids. The system (10) accepts a disposable diagnostic reagent test device (12) which has a 
reagent carrier and a mode of identifying to the instrument the characteristics of the chemical reagent 
used. The instrument includes a housing structure having a visual LCD readout (24), a microprocessor 
(249), and photosensing circuitry (207) which measures the change of color of the reagent carrier upon 
reaction of the reagent in the disposable test device (12). 

The housing also includes a spring arrangement (132,134) for actuating a disposable lancet (14) into 
the skin for generating blood. The disposable diagnostic reagent unit (12) includes a configuration for 
transporting the blood into the reagent unit (12). The system includes verification and calibration 
sequences for the electronics, the chemical reagent of an unused disposable unit, the presence of a 
blood sample, and the ambient temperature. The system also provides for storing a plurality of analysis 
readings. 
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1 . Field of the invention - 

The present invention pertains to a system for use 
in the analysis of a liquid and to a process for measur- 
ing a component quality or quantity of a liquid. The 5 
invention relates particularly, but not exclusively, to 
the medical field, for example to a medical monitoring 
diagnostic system for sampling and analyzing blood 
or any components of blood for specific readings as 
to qualities of the blood. One specific use of the pre- 10 
sent invention is forsensing the accumulating of blood 
glucose in diabetics. In a preferred form the invention 
relates to a portable, pocket-size, battery-operated, 
diagnostic system for use with a disposable diagnos- 
tic reagent unit In one form of the invention the sys- is 
tern is used with a disposable lancet. 

A test device or reagent unit suitable for use with 
a system of the present invention is described and 
claimed in a European application filed on the same 
day as the present application and by the same 20 
applicant, under the title "Disposable Reagent Unit". 
That European application claims priority from U.S. 
Patent Application 07/499 187 filed 26 March 1990. 

The invention is described hereinafter with par- 
ticular reference to the analysis of blood with refer- 25 
ence to its glucose content but applies, mutatis 
mutandis , to the analysis of analytes in liquids gener- 
ally. 

2. Description of the Prior Art - 30 

Prior art blood glucose devices have operated on 
the principle of taking blood from an individual by a 
variety of methods, such as by a separate needle or 
lancing device. An individual then had to coat a sepa- 35 
rate unit carrying chemistry with the blood, time the 
chemical reaction for about 60 seconds, wipe or 
remove the blood sample from the unit, and insert the 
blood-coated unit into a blood glucose meter or make 
a visual personal comparison against a color stan- 40 
dard. 

There are numerous blood glucose meters in the 
market-place, most of them bulky and not easily pock- 
etable. The instruments usually have to be carried in 
a large handbag, or an individual's briefcase, or left at 45 
home such as in the bathroom or the bedroom, or on 
a counter or a table. 

The prior art medical apparatuses for sensing 
blood glucose required that an individual have sepa- 
rately available a needle or lance for extracting blood so 
from the individual, units carrying blood chemistry for 
creating a chemical reaction with respect to the blood 
glucose and changing color, and a blood glucose 
meter for reading the change in color indicating the 
blood glucose level. The level of blood glucose, when 55 
measured by a glucometer, is read from a unit carry- 
ing the blood chemistry through the well known pro- 
cess of reflectometers based on the principle of 



glucose oxidation. 

Some of the monitor/reagent unit systems that 
are now available on the market have multiple 
sequential steps that the patient must follow at exact 
time intervals. Each step is subject to error by the 
patient. As in most monitors, it is the patient's respon- 
sibility to periodically calibrate the monitor against 
known color standards; validate the efficacy of the 
reagent units and technique by immersing the units in 
a control solution of known glucose content; and, then 
comparing the color change visually against the color 
standard or by using a calibrated monitor. These 
types of prior art systems are subject of course to 
human error. 

The procedure for obtaining accurate results from 
the time a drop of blood is placed on a reagentunit pad 
to the time the pad color change may be read in the 
glucose monitor is as follows. The patient must stick 
himself/herself with a lancet A drop of blood must be 
squeezed to the surface of the skin. The blood must 
then be carefully placed on the reagent pad, making 
sure to cover the pad completely and that the pad is 
never touched by the finger of the patient to prevent 
contamination. Once the sample has been applied to 
the surface of the reagent pad, the patient must press 
a timer on the monitor. At the end of the timing, the 
patient must wipe, blot or wash the unit off, using a 
careful technique. And for most units, the patient must 
place the reacted reagent unit into the monitor, and 
press a test button or close a hatch to obtain results. 
Prior art commercially available comparable reagent 
units or monitors require operator intervention in a 
prescribed sequence at exacttime intervals. The prior 
art monitors are subject to operator error, sequence 
errors, timing errors, and technique errors. 

The prior art reage nt units are also subject to con- 
tamination which may affect accuracy of measure- 
ment 

A representative patent is U.S. Patent No. 
4,787,398, entitled "Glucose Medical Monitoring Sys- 
tem", issued on November 29, 1988. In a preferred 
form, the present invention overcomes the disadvan- 
tages of the prior art by providing an integrated hand- 
held pocketable blood glucose monitoring meter 
which includes an attachable disposable lancet, rea- 
gent test device for blood glucose, unit carrying a 
chemical reagent chemistry, and a wick for, transport- 
ing the blood to the blood sensing reagent, resulting 
in a readout of a level of the blood glucose. 

SUMMARY OF THE INVENTION 

One general purpose of the present invention is 
a portable, shirt-pocket-size, battery-operated diag- 
nostic system for use by health professionals and/or 
lay patients for the detection and measurement of cer- 
tain selected chemical agents or substances for the 
purpose of diagnosis and/ortreatment of disease. The 
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system application is not restricted to use with human 
beings as to the sampling of blood glucose. The sys- 
tem may also be extended to veterinary medicine ani- 
mals, and can also have uses in the agricultural field, 
such as measurement of glucose in grapes in the wine 
industry by way of example. One such medical appli- 
cation is for insulin dependent and non-insulin depen- 
dent diabetics for the measurement of glucose in 
serum, plasma, and/or whole blood, the particular 
quantity to be measured is glucose through the prin- 
ciples of either reflectance, absorption or potentiomet- 
ric measurement by electronic circuitry although other 
quantities can be measured. 

Another purpose of the present invention is to 
provide a hand-held pocketabie medical measure- 
ment system including the engaging of a disposable 
lancet and a disposable diagnostic reagent unit car- 
rying the blood sensing reagent for sensing readings 
of the blood, such as blood glucose level. The medical 
system is cost effective and simple to operate by an 
individual. The reading, such as an individual's glu- 
cose level, is displayed on an LCD display on the side 
of a housing of the medical system which approxim- 
ates the size of an ordinary page highlighter which can 
be carried in an individual's shirt pocket. The dispos- 
able diagnostic reagent units in sterile packages and 
disposable lancets can be carried in a corresponding 
packets. The housing structure resembling a page 
highlighter contains the hand-held pocketabie medi- 
cal system. A like housing structure resembling a 
highlighter carriers the extra supply of disposable 
units. The design of the present invention provides for 
the utmost peace of mind for the individuai. 

According to one embodiment of the present 
invention, there is provided a hand-held pocketabie 
medical system including an electromechanical struc- 
ture for actuating a disposable lancet about a dispos- 
able diagnostic reagent unit which engages onto the 
system. The disposable diagnostic reagent unit 
enables a blood sample inside a finger or on the finger 
surface to be transferred to the blood reagent chemis- 
try. The electromechanical structure includes a spring 
actuated configuration for movement of a hammer 
mechanism. The disposable lancet unit and diagnos- 
tic reagent unit engage and slide into the end of the 
hand-held pocketabie medical system, and are easily 
releasable and disposable after a single use. The dis- 
posable lancet can be reused as may be required. 

The hand-held medical system includes a light 
tight compartment with photosensing electronics con- 
nected to a microprocessor for analyzing the proper- 
ties of the blood sensing chemistry in the disposable 
diagnostic reagent unit, and for displaying a readout 
and storing previous readouts. The electronics 
includes verification sequences for verifying operabi- 
lity of the electronics including annunciating of a low 
battery condition, for verifying the condition of a 
unused disposable unit, for verifying the presence of 



a blood sample and for subsequently providing multi- 
pie readings to provide for an averaging of results. 
The microprocessor can be programmed to measure 
other quantities. 

5 According to other embodiments of the present 

invention, there is provided a disposable diagnostic 
reagent unit with a transporting action where a wick 
serves as the transport structure for the blood. There 
is also provided a disposable lancet unit in the hand 

10 held medical device for the piercing of an individuals 
skin. 

One significant aspect and feature of the present 
invention is a hand-held pocketabie diagnostic medi- 
cal monitoring system which is utilized for extracting 

15 a blood sample from the body, subjecting the sample 
to chemical analysis, and visually displaying the nu- 
merical results to the individual. A disposable diag- 
nostic reagent unit carries the blood sensing 
chemistry consisting of a reagent unit for either deliv- 

20 ering blood to the reagent or for causing the reagent 
to be delivered to the blood. Additional disposable 
units can be carried in a corresponding structure simi- 
lar to that of the medical system. 

Another significant aspect and feature of the pre- 

25 sent invention is a housing like structure which is elec- 
tromechanical, and where a button is pushed for 
actuating a firing mechanism in the housing structure 
against the disposable lancet contained therein 
through the spring driven structure. A hammer return 

30 spring returns the firing mechanism backto an original 
rest position and at about the same time, a return 
spring removes the sharp point of the lancet from the 
finger. 

A further significant aspect and feature of the pre- 
35 sent invention is a hand-held pocketabie diagnostic 
medical monitoring system which provides blood glu- 
cose readings where the disposable diagnostic rea- 
gent unit carries glucose-oxidase or like chemical 
reagent. Once the reagent material undergoes a col- 
40 orimetric, potentiometric, or absorption action pro- 
portional to the blood glucose concentration, the 
microprocessor circuitry through the reflectance col- 
orimeter provides for subsequent processing of the 
photosensing of the blood chemistry for displaying of 
45 the results on an LCD display. 

Another significant aspect and feature of the pre- 
sent invention Is a system which utilizes a siidable dis- 
posable diagnostic reagent unit. The reagent unit is a 
transport mechanism for transporting a fluid or liquid 
so to the reagent unit. 

Still another significant aspect and feature of the 
present invention is a system which inherently 
through mechanical operation pushes the disposal 
lance out of the housing to drop into a basket for dis- 
ss posal. 

Having thus described embodiments of the pre- 
sent invention, it is principal objects hereof to provide 
a pocketabie diagnostic medical monitoring system, 
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including a disposable lancet and a disposable diag- 
nostic reagent unit which carries blood sensing rea- 
gent material and which engages onto the system for 
providing a subsequent readout on a visual display of 
the system of a quality of the blood by the system. The 
system can be broadly extended to a system for 
measurement of a quantity of a substance in a particu- 
lar fluid or material, and is not to be construed as 
strictly limited to medical applications, as the system 
can be used in industry, commercial, agricultural, con- 
sumer or even veterinary environments as examples. 

One object of the present invention is to provide 
a hand-held pocketable diagnostic medical monitor- 
ing system with a disposable lancet and a disposable 
diagnostic reagent unit which engages onto the elec- 
tromechanical assembly of the medical system. The 
disposable diagnostic reagent unit carries blood 
sensing reagent material for sensing components of 
the blood for qualities such as glucose level. Other 
qualities of fluid which can be measured are choles- 
terol, urea, nitrogen, hemoglobin, alcohol, protein or 
other qualities of the blood with appropriate reagent 
material. 

Another object of the present invention is an elec- 
tromechanical assembly which contains the microp- 
rocessor including the software, mechanical and 
electromechanical apparatus, batteries, and related 
circuitry that causes the electrical and elec- 
tromechanical functional operation. The diagnostic is 
a disposable reagent unit containing the lancet for 
obtaining a blood sample, typically from a person's 
finger or toe, and a chemical impregnated reagent 
material that reacts with the presence of blood. The 
chemical reagent is sealed inside the reagent unit 
housing minimizing the effects of contamination from 
fingers, moisture, and light, thus improving accuracy 
and precision of measurement by stabilizing the oxi- 
dation reduction or chemical reaction of the reagent 
prior to use. The sensor in the assembly detects and 
measures via absorption, potentiometric, or reflect- 
ance analysis the amount of glucose or other blood 
quantity present This analog data is provided and 
converted to a digital readout display quantifying glu- 
cose in milligrams per deciliter (mg/dl) or MMOL/L 

An additional object of the present invention is a 
self-contained automatic medical monitoring system. 
All operations and performance of the system are per- 
formed automatically, mechanically and electronically 
in proper sequences. Accuracy and precision of the 
measurement is enhanced because errors due to 
operator interpretation, operator technique, and tim- 
ing of events, are removed from operator control 
because of microprocessor based system operation 
and a lot to lot as well as a test strip calibration. 

Stili another object of the present invention is a 
medical diagnostic system which is software control- 
led and software intelligent The system is self-calib- 
rating through control commands by the software, and 



also based on a lot to lot material in the reagent unit 
and a calibration square on the inside of the dust 
cover. 

5 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

There are now described, by way of example and 
with reference to the accompanying drawings, prefer- 
10 red embodiments of the present invention. 
In the drawings: 

FIG. 1 illustrates a perspective view of an embo- 
diment of a glucose medical diagnostic system; 
FIG. 2 illustrates a perspective view of the back- 

15 side of the medical diagnostic system; 

FIG. 3 illustrates a perspective view of the medi- 
cal diagnostic system showing the battery case; 
FIG. 4 illustrates a perspective view of the medi- 
cal diagnostic system ready to receive a dispos- 

20 able lancet and a disposable diagnostic reagent 
strip; 

FIG. 5 illustrates an exploded view in perspective 
of the medical diagnostic system; 
FIG. 6 illustrates an exploded view in perspective 
25 of the optics head; 

FIG. 7 illustrates an exploded view in perspective 

of the firing mechanism assembly; 

FIG. 8 illustrates a perspective view of the dust 

cover; 

30 FIG. 9 illustrates a perspective view of the battery 
case; 

FIG. 10 illustrates a side view in partial cross sec- 
tion of the medical diagnostic system; 
FIG. 11 illustrates a block diagram of the medical 
35 diagnostic system; 

FIGS. 12A, 12B AND 12C illustrate an electrical 
circuit schematic diagram of the medical diagnos- 
tic system; 

FIG. 13 illustrates loading of the medical diagnos- 
40 tic system; 

FIG. 14A - 141 illustrate component positioning 
during operation of the medical diagnostic sys- 
tem; and 

FIG. 15 illustrates display messages. 

45 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG, 1 illustrates a perspective view of a portable 
so pocketable glucose medical diagnostic system 10 
including a disposable diagnostic reagent unit 12 as 
illustrated and later described in particular detail in 
FIG. 4. Externally visible components of the system 
10 include front and back housing halves 16 and 18 
55 respectively which enclose the electromechanical 
structure as later described in detail and, a battery 
case 20 and battery cover 22. An LCD or like visual 
readout 24 displays the glucose levels, time, battery 
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condition, stored values in memory, and other mode 
operational displays as later described in detail. Con- 
ductive rubber keypad buttons 26 and 28 position 
adjacent to the LCD readout 24. A actuator button 30 
and a release button 32 locate on the top side of the 
glucose medical monitoring system 10 for subsequent 
cocking and releasing of a firing mechanism as later 
described in detail in the figures. 

FIG. 2 illustrates a perspective in view of the port- 
able pocketable glucose medical diagnostic system 
1 0, where all numerals correspond to those elements 
previously described. The flush rotatable protective 
dust cover 34 includes an interior mounted color refer- 
ence calibration unit 36 and rotates on pivot blocks 
38a-38b of Fig. 8, and conforms to the front housing 
1 6 and the back housing 18 halves. The dust cover 34 
includes a rectangular frame 39 for the accommo- 
dation of the interior mounted color reference color 
calibration unit 36 as also illustrated in Fig. 8. Later 
members 40 and 42 extend vertically from the interior 
side of the dust cover 34 and latch with the catches 
44 and 46 at the upper edges of the rear and front 
housing halves 18 and 16 respectively. Vertical guide 
bars 48 and 50 at the ends of the rear and front hous- 
ing halves 18 and 16 align along the outer surfaces of 
the latches 40 and 42 to align the dust cover 34 with 
the ends of the combined case halves 18 and 16. The 
rectangular frame 39 containing the color reference 
calibration unit 36 aligns in a rectangular hole 52 be- 
tween vertical end bars 54 and 56 at the ends of the 
rear and front housing halves 18 and 16 respectively. 
An optics window 58 aligns with the rectangular hole 
52 and also with the color reference calibration unit 36 
when the dust cover 34 is rotated and latched in the 
closed position. 

A clip 60 with a square mounting pad 62 fric- 
tionally engages a corresponding size hole 64 in the 
rear housing half 18. 

FIG. 3 illustrates a perspective view of the port- 
able pocketable glucose medical diagnostic system 
10, where all numerals correspond to those elements 
previously described illustrated in particular is the bat- 
tery cover 22. The cover includes a back surface 22a 
and a side surface 22b between upper and lower cur- 
ved surfaces 22c and 22d. Upper and lower curved 
surfaces 22c and 22d include end latch members 22e 
and 22f for snap engagement of the battery cover 22 
within the battery case 20. The battery cover 22 mem- 
bers 22a, 22b, 22c and 22d form a carriage member 
into which a plurality of batteries 66a-66n are con- 
tained. The battery cover 22 and batteries 66a-66n 
engage within the battery case 20. The batteries 66a- 
66n are connected as later described in detail in Fig. 
5. 

FIG. 4 illustrates a perspective view of the port- 
able pocketable glucose medical diagnostic system 
1 0 with a disposable diagnostic reagent unit 1 2 and a 
disposable lancet 14, where all numerals correspond 



to those elements previously described. The dispos- 
able lancet 14 is inserted into the firing mechanism 
assembly 68 of Fig. 5 through an orifice 68. Orifice 68 
aligns beneath the catches 44 and 46 and between 

5 the guide 4 bars 48 and 50 and in the end of the front 
and rear housings 1 6 and 18. After the disposable lan- 
cet 14 is inserted through the orifice 68, the dispos- 
able diagnostic reagent unit 12 is inserted between 
guide bars 48 and 50, in front of the orifice 68 and 

10 catches 44 and 46 and behind the vertical end bars 54 
and 56. The disposable reagent pad 12 includes a 
hole 70 and reagent pad 72 and windows 74 and 76 
for viewing of the blood soaked reagent pad 72 by 
internal electronic viewing as later described in detail. 

15 The hole 70 in the disposable diagnostic reagent unit 
aligns with the lancet needle and the windows 74 and 
76 align with the optics window 58 for electronic view- 
ing. 

FIG. 5 illustrates an exploded view in perspective 
20 of the portable pocketable glucose medical diagnostic 
system 10, where all numerals correspond to those 
elements previously described. The front housing half 
1 6 includes a release cutout 78a a spring containment 
channel 80, a release button spring 82 between the 
25 spring containment channel 80 and the release button 
32, a supported horizontally aligned firing mechanism 
track member 84, a spring seat 85 between the firing 
mechanism track member 84 and the top of the hous- 
ing member 16, an optics head track member 86, side 
30 spacer bars 88 and 90, switch mounts 92a-92b and 
switch mount 94a-94b. A slotted cutout 96a and 
release cutout 78a align along the top inner edge of 
the front housing half 16 and a slotted cutout 96b and 
a release cutout 78b align along the top inner edge of 
35 rear housing half 18 to accommodate movement of 
the release button 32 vertically and the actuator but- 
ton 30 horizontally. The rear housing half 18 also 
includes mirror like image elements of the firing 
mechanism track member 84 and the spring seat 85 
40 and the optics head track member 86. The front hous- 
ing half 16 also includes a piezo sounding device 
mount 98, a rectangular bracket 1 00, a bracket 1 02for 
mounting of a conductive rubber keypad 104 contain- 
ing buttons 26 and 28 and pivot hole 106 at the lower 
45 end. The rear housing half 18 also includes a pivot 
hole 108. Pivot holes 106 and 108 in housing halves 
1 6 and 1 8 accommodate the pivot blocks 38b and 38a 
of the dust cover 34 respectively. A clear plastic dis- 
play window 110 and the LCD panel 24 align and see- 
so ure in the rectangular bracket 1 00 a foam pad 112 and 
an elastomeric LCD connector 1 14 align between the 
LCD panel 24 and electronics circuit board 116. The 
electronics circuit board 116 connects to an optics 
head 118, a switch 120, and a switch 122 through a 
55 flex cable 124. An optics spring retainer 126 and an 
optics spring retainer 128 align behind the optics head 
1 1 8 as later illustrated. The optics head 118 aligns be- 
tween the firing mechanism track member 84 and the 
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optics head track member 86 on the front housing half 
16 and corresponding track members on the rear 
housing member 18. The firing mechanism assembly 
68 aligns between the firing mechanism track member 
84 and the top portion of the front and rear housing 5 
halves 16 and 18 and include the actuator button 30, 
a lancet carrier 130 a firing spring 132 and a return 
spring 134. A switch actuator 136 aligns between the 
optics head track member 86 and the bottom of the 
front housing half 16 and also between the corre- 10 
sponding members on the rear housing half 18. A 
positive and negative battery contact assembly 138 
and 140 align and secure to the battery case 20. A 
user label 142 aligns in a label mount recess 144 on 
the rear housing half 1 8. 15 

FIG. 6 illustrates the optics head 118 and 
associated components where ail numerals corre- 
spond to those elements previously described. The 
assembly is illustrated on its side for clarity of illus- 
tration. An LED 146, an infrared LED 148 and a photo 20 
diode 150 secure within the optics head 118 with 
adhesive units 152 and are canted at an angle. The 
optics head includes ramped surfaces 150a-150b 
extending from the surface 152 of the cube like optics 
head 118. These ramped surfaces 150a-150b assist 25 
in the sliding action of the optics head 118 when the 
disposable diagnostic reagent unit 12 is inserted into 
the portable pocketable glucose medical diagnostic 
system 10. An optics cover 1 54 fits over and about the 
optics head 1 1 8. A thermister 1 56 attaches to the flex 30 
cable 124. 

FIG. 7 illustrates an exploded view of the firing 
mechanism assembly 68 where all numerals corre- 
spond to those elements previously described. The 
lancet carrier 130 is the nucleus of this assembly and 35 
includes a cylindrical body 158, an interior lancet 
cavity 160, a longitudinal horizontally aligned slot 162 
in the upper portion of the cylindrical body 158, a ver- 
tically aligned slot 1 62 across the cylindrical body 158 
and intersections the longitudinal horizontally aligned 40 
slot 162, detented actuator bars 164 and 166 includ- 
ing rear detents 168a and 168b and forward detents 
1 70a and 1 70b. The actuator button rests atop a ham- 
mer body 172. A hammer 174 aligns on one edge of 
the hammer body 172. A cam 176 for actuation of the 45 
switch 122 extends laterally to the side of the hammer 
body 172. The hammer body 1 72 and hammer 174 fit 
in and slide within the lancet cavity 1 60. A spring seat 
178 in the form of a ring is molded about the circum- 
ference of the cylindrical body 158. The firing spring so 
132 fits over and about the cylindrical body between 
the spring seat 178 and the hammer body 1 72 as illus- 
trated in Fig. 8. The return spring 134 seats between 
the spring seat 178 and the end of the housings 16 
and 18 as illustrated in Fig. 8. A planar member 180 55 
aligns between the actuator button 30 and the ham- 
mer body 1 72. At the continuous slot between the pla- 
nar member 180 and the actuator button 30 rides 



along slots 96a and 96b in the case halves 16 and 18 
and serves to keep the hammer aligned in the lancet 
cavity 160. 

FIG. 8 illustrates a perspective view of the dust 
cover where ail numerals correspond to those ele- 
ments previously described. Illustrated in particular is 
the color reference calibration strip 36 which aligns to 
the rectangular frame 39. Pivot blocks 38a and 38b 
are integral to and extend inwardly from the pivot bar 
members 184 and 186. Opposing pivot bar members 
1 84 and 1 86 extend vertically from the main body 1 88 
as to the latches 40 and 42. Pivot blocks 38a and 38b 
engage pivot holes 108 and 106 respectively of Fig. 
5. 

FIG. 9 illustrates a perspective view of the battery 
case 20, where all numerals correspond to those ele- 
ments previously described- Positive and negative 
battery contact assemblies 138 and 140 include 
spring contactors 138a and 140a which frictionally 
engage a plastic securing plate 190 in the end of the 
battery case 20. The spring contactors 138a and 140a 
contact batteries 66a - 66n which are held in the bat- 
tery cover 22 of Fig. 3. Wies 192 and 194 are electri- 
cally connected to and extend from the battery contact 
assemblies 138 and 140 and connect to the elec- 
tronics circuit board 116. 

FIG. 1 0 illustrates a side view in partial cross sec- 
tion of the medical diagnostic system 10, where all 
numerals correspond to those elements previously 
described. The cylindrical body 158 with the included 
and internally aligned hammer body 172 align be- 
tween the top of the case, the firing mechanism track 
member 84, and the front position of the front and rear 
housing halves 16 and 18. Firing springs 132 and 
return spring 134 both seat against opposing sides of 
the spring seat 178 on the cylindrical body 158. The 
return spring also seats around and about the material 
surrounding the orifice 68. The firing spring seats 
against the spring seat 85 of the hammer body 172, 
slides within the lancet cavity 160, in the cylindrical 
body 158, and contacts engages and compresses the 
firing spring 1 32, when moved to the right in this illus- 
tration. The hammer body 172, including the cam 176 
are actuated along longitudinal axis by the sliding of 
the actuator button 30. As the cylindrical body 158 is 
positioned longitudinally the attached detented 
actuator bars 164 and 166, are longitudinally posi- 
tioned to engage or disengage detents 168a - 168b 
and 170 a - 170b, upon both sides of the planar mem- 
ber 180, on the release button 32. A spring 82, seats 
in the spring containment channel 80 and against the 
interior of the release button 32 to spring the release 
button 32 outwardly. The release button 32 aligns in 
the release cutouts 78a and 78b also illustrated in 
FIG. 5. The actuator button 30, including the planar 
member 180 captures the edges of the case halves 16 
and 1 8 adjacent to slotted cutouts 98a and 96b illus- 
trated in FIG. 5. The cam 176 actuate the optics head 
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switch 122 at it rear most travel. The optics head 118 
aligns along the side spacer bars 88 and 90 and the 
optics head track member 86 of the front housing half 
16 and corresponding members on the rear housing 
half 18. Aspring alignment post 196 is included on the 5 
rear side of the optics head and another spring align- 
ment post 198 is included on the optics spring retainer 
126. A spring 128, aligns over the spring alignment 
posts 196 and 198 to slideably retain the optics head 
1 18, in a position to the right of the spring and against 10 
the vertical end bars 56 and 54 found also in Fig. 5. A 
switch actuator bar 136 is actuated against the optics 
head switch 120 as later described in detail. 

FIG. 11 Illustrates and electrical block diagram 
200 of the medical diagnostic system, where all num- 15 
eral correspond to those elements previously des- 
cribed and as now described in Figs. 12a, 12b and 
12c. 

FIGS. 12A, 12B and 12C illustrate the electrical 
circuit schematic package diagram 201 , including the 20 
digital display 202, clock and alarm switches 203 and 
204, light emitting diodes 205 and 206, photo diode 
207, strip switch 208, lance switch 209, piezo electric 
beeper 210, and batteries 211 and 212. A high gain 
op-amplifier 21 3 including, op-amp feedback capaci- 25 
tor 214, and op-amp pull-up resistor 215 are for the 
amplifier circuit. A to D converter 21 6, inverter transis- 
tor 21 7 for clockfor A to D converter 21 6, pull-up resis- 
tor 218 for inverter 217, inverter transistor base drive 
resistor 219, voltage reference regulator integrated 30 
circuit 220, voltage reference regulator input bypass 
capacitor 224, output adjustment resistor 222, output 
adjustment potentiometer 223, output filter capacitor 
221 , voltage reference resistor 225, and vol tage refer- 
ence diode 226 are for the A to D conversion of the 35 
several colorimetric change of the reagent and the 
voltage reference regulator. Switching transistor 237 
for LED 205, switching transistor 238 for LED 206, 
switching transistor base drive resistor 273, and 
switching transistor base drive resistor 274, are for 40 
switching the LED's, LED 205 brightness adjustment 
resistor 240, LED 206 brightness adjustment resistor 
239, are for compensating the LED's. RC oscillator 
circuit capacitor 245, RC oscillator circuit resistor 246, 
reset capacitor 243 and reset resistor 244 are for the 45 
microprocessor 249. Piezo electric beeper im- 
pedance load resistor 232, microprocessor pull-down 
resistor 241, microprocessor pull-down resistor 242, 
microprocessor pull-down resistor 247, microproces- 
sor pull-down resistor 248, analog power switching so 
transistor 271, switching transistor base drive resistor 
270, reverse voltage protector diode 272, 32.768 KH2 
crystal for timer 255, timer current limiter resistor 254, 
crystal oscillator capacitor 256, and crystal oscillator 
capacitor 257 are for the microprocessor 249. A to D 55 
converter 233 for temperature variations, thermistor 
273, and voltage divider resistor 234 are for the tem- 
perature sensing circuit LCD bias resistors 261-264 



and LCD bias capacitors 258-260, are for LCD display 
202. Serial data output enable jack 275, serial data 
output jack 281 , and serial data clock jack 282 are for 
external connections such as to a personal computer. 
Bypass capacitors 205-253, low battery and very low 
battery comparators 230, and comparator voltage 
dividers 227-229 are for power supply circuitry. EEP- 
ROM power transistor 266, and EEPROM power base 
resistor 265, control power to serial EEPROM 267 
and 268. 

The operation of the electrical circuitry of FIGS. 
12a and 12b is now described in detail. LED 205 is the 
light source that illuminates the reagent chemistry 
area. The reagent chemistry changes color in propor- 
tion to the amount of glucose in the blood. The light 
from LED 205 reflects off the chemistry and is sensed 
by photodiode 207. This signal is amplified by a high 
gain op-amp 213, and then sent to the input of the 
analog to digital converter 216. The analog signal is 
converted to a digital signal for use by microprocessor 
249. The software algorithms in microprocessor 249 
processes this information, and then outputs a blood 
glucose measurement to the liquid crystal display 
202. 

LED 206 is the light source that illuminates the lot 
to lot indicator on the medical diagnostic system 10. 
This provides information to the microprocessor 249 
to correct for variations in different lots of chemistry. 
The lot to lot indicator also is used to determine if 
blood has completely covered the reagent chemistry. 
The reflected light from LED 206 is sensed by photo- 
diode 207, and the signal is sent to the microproces- 
sor 249 in the same way as light reflected from LED 
205. 

Voltage reference regulator 220, provides a refer- 
ence voltage for the medical monitoring system cir- 
cuitry. The reference voltage is used by the analog to 
digital converter 216, the low battery detection com- 
parators 230, temperature A to D converter 233 and 
also to keep the LED outputs constant. 

Comparators 230 are used to provide a low bat- 
tery and very low battery signal to the microprocessor 
249. Switching transistor 271 is used to control the 
power to the analog circuitry which is turned on only 
when the photodiode 207 sensing circuits are active. 
A crystal 255 provides a precision clock to the micro- 
processor 249 for the various timing functions. Switch 
209 is used to initiate a blood glucose measurement 
sequence by the medical monitoring system 10. 
Switch 208 provides the microprocessor 249 with a 
signal to tell when a reagent unit 12 is inserted. 
Switches 203 and 204 are used to set the clock and 
four alarms on the medical monitoring system 1 0. The 
piezoelectric beeper 231 provides an audible beep to 
indicate test progress or error conditions. Thermistor 
273 with A to D converter 233 provide temperature 

for ambient temperature variations which may occur 
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in the user's environment. EEPROMs 267 and 268, 
provide non-volatile memory storage for alarms, 
saved glucose reading and various coefficients used 
in microprocessor 249, calculations. 

FIG. 13 illustrates the loading of the medical diag- s 
nostic system 10, mode of operation with a reagent 
unit 12, where all numerals correspond to those ele- 
ments previously described. 

FIG. 14a - 141 illustrate the component position- 
ing and mode of electromechanical operation for the 10 
medical diagnostic system 10, where all numerals 
correspond to those elements previously described. 
FIG. 14a illustrates normal position of the ele- 
ments; 

FIG. 14b illustrates the actuator button pushed 15 
into loading position; 

FIG. 14c illustrates the button released and 
locked in a loading position; 
FIG. 14d illustrates a lancet inserted while in a 
loading position; 20 
FIG. 14e illustrates a button pressed into a 
cocked position; 

FIG. 14f illustrates a strip inserted; 
FIG. 14g illustrates a full extended position during 
penetration; 25 
FIG. 14h illustrates a returned to normal position 
after penetration; and, 

FIG. 14i illustrates the button pressed into an 
ejection position for removing and ejecting the 
lancet. 30 
In operation, push the sliding button forward. 
Insert the lancet into the carrier tube. Remove the cap, 
press the release button. With the optic cover closed, 
pull back the sliding button. Open the optic cover and 
insert the reagent unit into position. Press a finger 35 
firmly on the reagent unit collector. Press the release 
button and squeeze the finger for hanging a drop of 
blood. Place on wick in the blood bowl. Read the glu- 
cose value displayed after 90 seconds, and record the 
results. Pull out and discard the used reagent unit. 40 
Push the sliding button forward to eject the used lan- 
cet, and close the optic cover. 

FIG. 15 illustrates display messages generated 
by algorithms in the microprocessor for display in the 
LCD. 45 

The term "chemistry" used herein refers to a 
chemical reagent or to an indicator or signal means 
which operates in a chemical manner. 

One purpose of the lot-to-lot identification win- 
dow, where present, is for differences in the manufac- so 
turing of material and calibrates the system prior to 
reading the reagent. 

Although the present invention is described 
above with particular reference to the use of color to 
represent the quality, quantity or condition being 55 
detected and/or measured, the invention includes 
other forms of signal, for example visual or audible. 
Optional features of the invention which are of 



particular interest are as follows: 
System : 

- the blood reagent chemistry is glucose oxidase 
chemistry 

- includes means to return said hammer means 
to an original rest position 

- includes cocking means connected to said 
hammer means 

- includes means providing a light-tight enclos- 
ure of said housing of said unit 

- includes piezoelectric audio means connected 
to said microprocessor means for beeping on pre- 
determined conditions 

- said microprocessor means includes means for 
displaying operational messages on said display 
means 

- said microprocessor means includes means for 
displaying a plurality of previous readings 

- said microprocessor means includes means for 
self-calibration 

- includes a dust cover adjacent to said optical 
measurement means, and said dust cover includ- 
ing a calibration chart means for reading by said 
optical measurement means 

- said housing is rectangular 

- includes means for clipping into a shirt pocket 
of a user 

- includes means in said housing for battery rep- 
lacement 

- includes switch means on said housing and 
connected to said microprocessor means for set- 
ting and displaying time 

- includes means in said microprocessor to dis- 
play numerical values in the English system and 
metric system 

- includes a dust cover means rotatable on said 
housing about said optical measurement means 

- includes calibration means internally mounted 
on said dust cover means for reading by said opti- 
cal measurement means 

- said microprocessor is 4 bit 

- includes means in said microprocessorfortem- 
perature compensation 

- includes means in said microprocessor for 
detecting an adequate fluid sample to said blood 
reagent chemistry 

- said reagent chemistry is a solid 

- said optic measurement means comprises two 
LED's about a photodiode 

- said housing is of a size to be comfortably 
accommodated by a user's hand 

Process 

- said analysis is for blood glucose 

- comprises reading the backside of said reagent 
chemistry 

- comprises filtering at least one blood compo- 
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nent before transporting blood to said blood rea- 
gent chemistry. 



Claims 5 

1 . A system for extraction and analysis of a compo- 
nent of a liquid, said system receiving a dispos- 
able diagnostic reagent unit which exhibits a color 
change on sensing a predetermined component 10 
in the liquid, said system comprising: 

a. optical measurement means including a 
light source and light sensor for measuring 
light emanating from said source and reflected 

by reagent chemistry in said unit and having 15 
an optical characteristic proportional to the 
component of the liquid to be measured after 
transporting when liquid to said reagent; 

b. said optical measurement means generat- 
ing an electrical signal responsive to a change 20 
of said reagent chemistry and therefore also to 

the component to be measured; 

c. microprocessor means processing said 
generated electrical signal; 

d. display means responsive to said proces- 25 
sed signal providing a visual readout rep- 
resentative of the analysis on said display 
means in said housing member; and 

e. means for removably receiving a dispos- 
able diagnostic reagent unit including said 30 
reagent chemistry. 

2. A system according to Claim 1 , wherein the liquid 
is blood and said unit exhibits a color change on 
sensing a pre-determined condition and wherein 35 
the system has a housing member including a 
spring actuated hammer means in said housing 
member and a disposable lancet removably posi- 
tioned on said hammer means. 

40 

3. A system according to Claim 1 or 2, which 
includes said disposable diagnostic reagent unit. 

4. A system for operative connection to a test device 
which device tests a liquid for the presence the- 45 
rein of an analyte, the system comprising: 

an optical measurement means including 
a light source and a light sensor for measuring 
light emanating from said source and light 
received from the test device and having an opti- so 
cal characteristic related to the presence of, or the 
quantity of, the analyte; 

generating means to generate an electri- 
cal signal responsive to said optical characteris- 
tic; 55 

microprocessor means to process said 
generated electrical signal; 

display means responsive to said proces- 



sed signal and providing a visual display; and 

means for removably receiving the test 
device. 

5. A system according to Claim 4, which includes 
said test device. 

6. Hand-held pocketable medical monitoring diag- 
nostic system for extraction and analysis of a 
component of blood in a body, said system com- 
prising: 

a. pocketable housing member including a 
spring actuated hammer means in said hous- 
ing member and a disposable lancet remov- 
ably positioned on said hammer means; 

b. optical measurement means including a 
light source and light sensor for measuring 
light emanating from said source and reflected 
by blood reagent chemistry having a color 
optical characteristic proportional to the com- 
ponent of the liquid to be measured when in 
contact with the liquid; 

c. said optical measurement means generat- 
ing an electrical signal responsive to a color 
change of said blood reagent chemistry and 
therefore also to the component to be 
measured; 

d. microprocessor means processing said 
generated electrical signal; 

e. display means responsive to said electrical 
signal to provide a visual readout representa- 
tive of the analysis on said display means in 
said housing member; 

f. means for removably receiving a disposable 
diagnostic reagent unit; and, 

g. disposable diagnostic reagent unit for 
operative engagement in said receiving 
means of said glucose medical monitoring 
diagnostic system, said unit including hous- 
ing, means for operatively connecting said 
unit to said receiving means of said system, 
said blood reagent chemistry supported within 
said housing, at least one opening in said 
housing for providing an opening for a 
puncturing means to pass through and provi- 
ding for a liquid substance to be transported to 
said blood reagent chemistry, means for 
transporting said liquid substance to said 
blood reagent chemistry, and aperture means 
through said housing for reading a portion of 
said blood reagent chemistry whereby said 
blood reagent chemistry yields a responsive 
optical characteristic which is read by said 
optical measurement means, processed by 
said microprocessor means, and displayed by 
said display means thereby yielding a numeri- 
cal value of a diagnostic condition. 
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7. A system according to Claim 6, wherein said 
opening provides for transfer of a liquid subst- 
ance to said reagent means. 

8. A system according to Claim 6 or 7, which 5 
includes calibration means supported in an aper- 
ture next to said reagent means In said housing. 

9. A system according to Claim 6, 7 or 8, wherein 
said transporting means is a wicking material. 10 

1 0. A system according to any of Claims 6 to 9, which 
includes a calibration sensor for sending visual 
calibration color at predetermined times as sequ- 
enced by said microprocessor means. 15 

11. A system according to Claim 6, which includes 
cocking means connected to said hammer 
means, and said microprocessor means includes 
means for processing a plurality of steps on cock- zo 
ing said hammer means. 

12. A system according to Claim 6, which includes 
means in said microprocessor to verify lot-to-lot 
(LOT/LOT ) reagent specific calibration codes of 25 
said calibration means. 



13. A process for measuring a component quality 
comprising the steps of: 

a. sliding a disposable diagnostic unit into a 30 
hand-heid pocketable medical system; 

b. engaging the medical system including said 
unit against an individual's skin; 

c. puncturing the skin with a needle spring-bia- 
sed in said unit; 35 

d. transporting blood from outside the indivi- 
dual's skin for qualitative analysis by blood 
reagent chemistry carried by said unit; and 

e. reading the qualitative results on a display 

of said system. 40 



14. A process according to Claim 13, which includes 
calibrating said system prior to sensing a qualita- 
tive result. 

15. A process according to Claim 13, which includes 
the step of reading the previous qualitative 
results. 
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DISPLAY MESSAGES 



Temperature too 
high. Begin again 
at 63--9ST. 



Batteries are low, 
meter will function 

er& Roptace 




Result lower than 40 
mg/dL See Instruc- 
tion Manual. 



HHH 



Electronics error. See 
Instruction MonuaL 



(Continued) 

• Dirt on Optic 
Window or Cali- 
bration Pod. 
Clean, begin 
again. 

• Electronic mal- 
function. See 
Instruction 
Manual. 



ANSWER strip dis- 
lodged or removed 
ofter firing Lancet. 
Begin with same 
ANSWER strip. 



(Continued) 

• ANSWER strip 
inserted upside 
down. Begin 
again with same 
ANSWER strip. 



* Too little blood 
applied within the 
time allotted to 
Initiate count- 
down. Begin 
again with new 
ANSWER strip. 

• No blood applied. 
Begin again with 
same ANSWER 
atrip. 



Too little blood 
applied to complete 
countdown. Repeat 
test with new 
ANSWER strip. 



ANSWER strip not 
inserted witbln 3 
minutes after Slid- 
ing Sutton was 
pulled back. Begin 
agoin with eanr 
ANSWER strip. 



Result higher than 
400 mg/dL See 
Instruction Manual. 



Batteries dead or 
ANSWER meter 
malfunctioning. See 
Instruction Manual. 



> Optic Covor not 
closed. Close 
Cover, begin 



• ANSWER strip dis- 
colored or used. 
Begin again with 
new ANSWER strip. 



ANSWER atrip dis- 
lodged or removed 
before firing LANCET. 
Reinsert immodiotoly. 



CLEARING DISPLAY MESSAGES 



1. Remove ANSWER strip. 

2. Close Optic Covor. 



Pull back Sliding Button. 
Pross Release Button. 



Release Button not 
pressed wlnthin 3 
minutes ofter in- 
sertion of ANSWER 
strip. Begin 
with same 
•trip. 



FIG. 15 



36 



EP 0 449 525 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 91 30 2521 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



D,X 



Citation of document with indication, 
of relevant passages 



US-A-4 787 398 (GARCIA et al.) 

* Abstract; column 1, Hne 1 - column 

17, line 9; figures 1-8 * 



EP-A-0 254 203 (PERSONAL DIAGNOSTICS 
INC.) 

* Abstract; column 2, line- 3 
3, line 22; column 4, line 1 
5, line 48; figures 1-4 * 



column 
column 



The present search report has been drawn up for all claims 



Relevant 
to claim 



1-15 



1-8,10, 
13-15 



CLASSIFICATION OF THE 
APPLICATION ant. d.5) 



A 61 B 
A 61 B 



5/14 
5/00 



TECHNICAL FIELDS 
SEARCHED (Int. CL5) 



A 61 B 



THE HAGUE 



Date of completion of the 

01-07-1991 



FONTENAY P.H.E.V. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : son-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, 01 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, 
document 



37 



